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PLAN
for the

HUALAPAI VALLEY SOLAR PROJECT

Submitted by Hualapai Valley Solar LLC
August 10, 2009

Pursuant to A.R.S. §40-360.02, Hualapai Valley Solar LLC ("Applicant") hereby submits
its plan ("Plan") for the proposed Hualapai Valley Solar Project (the "Project").

Introduction:

Applicant is a wholly owned affiliate of Mohave Sun Power LLC. Applicant proposes to
construct a nominal 340 MW concentrating solar powered electric generating facility,
Mth associated on-site, generation intertie transmission line ("Gen-Tie Line") and on-site
switchyard.

The Project is located in central Mohave County, approximately 27 miles north of
Kinsman, Arizona.

A.R.S. §40-360.02(B) requires a party contemplating construction of a thermal electric
generating plant to file a plan with the Arizona Corporation Commission at least 90 days
prior to filing an application for a Certificate of Environmental Compatibility ("CEC")
for such plant. Applicant intends to file such an application for the Project in late 2009
and, therefore, files this Plan at least 90 days in advance of filing such application. This
Plan covers the solar generating facility and associated Gen-Tie Line that will be
constructed and owned by Applicant or its successors or assigns.

In addition, this Plan also addresses a new 500kV switchyard and a short loop in-out of
the existing Mead Phoenix Project 500kV transmission line. These facilities will both be
owned by Mead Phoenix Project's Participants and/or owners (collectively, "MPP") and
constructed on and adjacent to the Project site in conjunction with the Project.

If it is determined that the MPP-owned switchyard and loop in-out facilities also require a
CEC, this Plan shall also constitute the plan under A.R.S. § 40-360.02 prerequisite to a
joint or separate application for a CEC covering such facilities.
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Specific Plan Information:

The specific items of information required by A.R.S. §40-360.02(C), and the applicable
responsive Plan information for the Hualapai Valley Solar Project, to the extent known,
are set forth below:

With respect to the power plant:

1. "The location of any plant proposed to be constructed" :

The Project's power plant is located in central Mohave County, approximately 27
miles north of Kinsman, Arizona, on a contiguous site comprising all or portions
of Sections 19, 20, 21, 28, 29, 30 and 31 of Township 26 North, Range 16 West,
Gila and Salt River Base and Meridian (G&SRB&M), Mohave County, Arizona.

2. "The purpose to be served by each proposed plant" :

The Proj et will supply renewable solar-powered electrical generation to load
serving utilities.

3. "The estimated date by which the plant will be in operation":

The Proj et is estimated to be in commercial operation by late 2013.

4. "The average and maximum power output measured in megawatts of each plant to be
installed:

The Project will be designed to produce up to 340 MW of gross power output
from a single 340 MW steam turbine.

5. "The expected capacity factor for each proposed plant":

The capacity factor of the Proj et will depend upon actual weather factors
influencing the solar insulation and resulting operating profile, but is anticipated
to be in the range of 38% to 43%, with generation produced primarily during peak
load hours.

6. "The type of fuel to be used for each plant":

The Project will be fueled by solar thermal energy captured in a heat transfer flLu'd
using parabolic trough concentrators and converted to steam turbine-generated
electricity.
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7. "The plans for any new facilities shall include a power flow and stability analysis
report showing the effect on the current Arizona electric transmission system.
Transmission owners shall provide the technical reports, analysis or basis for prob ects that
are included for serving customer load growth in their service territories."

Attachment A to this Plan is the Generator Interconnection Study prepared for
Mead Phoenix Proj et Participants by PDS Consulting. The Generator
Interconnection Study shows the effect of the Project on the affected transmission
systems within the western region.

With respect to transmission lines:

1. "The size and proposed route of any transmission lines" :

The Gen-Tie Line will be a 500 kV transmission line on a single set of towers that
will connect the Proj act generator to a new 500 kV switchyard to be constructed
and owned by MPP (the "MPP Switchyard") located in the northeast quarter of
the northeast quarter of Section 9, Township 26 North, Range 16 West, Gila and
Salt River Base and Meridian (G&SRB&M), Mohave County, Arizona. The MPP
Switchyard will be located near the existing Mead Phoenix Project 500 kV
transmission line, which will be looped in-and-out of the MPP Switchyard.

The Gen-Tie Line route will be wholly within the Project site, a distance of
approximately 5 miles, running from the power block area on the north central
edge of the Proj act site to the MPP Switchyard. The proposed Gen-Tie Line route
is within Township 26 North, Range 16 West, Gila and Salt River Base and
Meridian (G&SRB&M), Mohave County, Arizona, extending from the center of
Section 20 north to the southeast corner of Section 17, then to the northeast corner
of Section 17, then to the southwest corner of Section 9, then to the northwest
corner of Section 9, then to the northeast comer of Section 9, where it connects to
the MPP Switchyard.

2. "The purpose to be served by each proposed transmission line" :

The Gen-Tie Line will interconnect the new generator to the new MPP
Switchyard, through which the Project will be interconnected to the electric grid
via a loop in-and-out of the existing Mead Phoenix Project 500 kV line.

3. "The estimated date by which each transmission line will be in operation" :

The Gen-Tie Line, MPP Switchyard and loop interconnection are anticipated to
be in operation in late 2012 to support startup and testing of the Project.
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Hualapai Valley Solar Project
Generator Interconnection Study

EXECUTIVE SUMMARY

Mohave Sun Power, LLC (Customer) has submitted a completed generator
interconnection application to the Mead-Phoenix Project (MPP) Operating Agent, the
Salt River Project (SRP) for the Hualapai Valley Solar Project (HVSP or Project). The
Project would be comprised of a single 340 MW gross concentrated solar steam turbine
fueled by a solar collector system. The total maximum plant net output to the MPP
transmission system is expected to be approximately 260 MW. The Project will be
located in the Mohave County, Arizona and will build about 5 miles radial 500 kV line to
its interconnection point to be looped into the MPP's existing Mead-perkins 500 kV line.
The proposed Hualapai Valley 500 kV interconnection point will be approximate 50
miles from the Mead 500 kV substation. The planned commercial operation date for the
Project is 2013.

The Customer has requested both Network and Energy Resource Interconnection
Services for the Hualapai Valley Solar Project. MPP participants have determined that a
System Impact Study (sis) is required to determine the impact of the proposed Project
on MPP transmission facilities and the interconnected transmission system. The
Customer has selected a third party contractor, PDS Consulting, PLC (pos), to perform
the SIS for the Project. This Generator Interconnection Study (GIS) was performed
using the modified and updated 2013 heavy autumn base case based on approved
WATS 2011 heavy autumn base case. The SIS has included power flow, post-transient,
transient stability and short circuit analyses to determine the impact of the Hualapai
Valley Solar Project on the interconnected transmission system. It has been noticed that
a prior High Queue generation project has made an interconnection request to the MPP
line, therefore, two interconnection configuration scenarios were evaluated: with both
the High Queue Generation Project (500 MW) and the Hualapai Valley Solar Generation
Project (260 MW) combined scenario and with only the Hualapai Valley Solar Project
(260 MW) scenario. The performance of the transmission system was measured using
the WECC Reliability Criteria and North American Electric Reliability Council (NERC)
Planning Standards.

The overall system impact is acceptable on the Perkins-Mead 500 kV line as well as on
the EOR path rating of 10,500 MW achieved by the combined EOR9300 and DPV2
Projects together as demonstrated from this interconnection impact study. No
transmission upgrade on the Perkins-Mead 500 kV line is required, however, it is
necessary to move the Mead series capacitor bank to the new location of the proposed
Hualapai 500 kV interconnection point toward to Perkins. The study results indicate no
significant negative impact to the interconnected transmission system.

A sensitivity study was conducted with respect to recent SCE announcement of DPV2
system development change. No negative impacts related to the HVSP interconnection
on the EOR path rating of 9,300 MW without DPV2.
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Hualapai Vallev Solar Project Generator Interconnection Study Report

ll. INTRODUCTION

Mohave Sun Power, LLC (Customer) has submitted a completed generator
interconnection application to the Mead-Phoenix Project (MPP) Operating Agent, the
Salt River Project (SRP) for the Hualapai Valley Solar Project (Project). The Project
would be comprised of a single 340 MW gross concentrated solar thermal generation
unit. The total maximum plant net output to the MPP transmission system is expected to
be approximately 260 MW. The Project will be located in the Mohave County, Arizona
and its interconnection station will be looped into the MPP's existing Mead-Perkins 500
kV line. The planned commercial operation date for the Project is 2013.

The Customer has requested both Network and Energy Resource Interconnection
Services for the Project. MPP participants have determined that a System Impact Study
(sis) is required to determine the impact of the proposed Project on MPP transmission
facilities and the interconnected transmission system. The Customer has selected a
third party contractor, PDS Consulting, PLC (PDS), to perform the SIS for the Project.
The SIS will include power flow, post-transient, transient stability and short circuit
analyses.

It has been noticed that a prior High Queue generation project has made an
interconnection request to the MPP line, therefore, two interconnection configuration
scenarios were evaluated: with both the High Queue Generation Project (500 MW) and
the Hualapai Valley Solar Generation Project (260 MW) combined scenario and with
only the Hualapai Valley Solar Project (260 MW) scenario. The interconnection point of
the High Queue generation project indicated a distance of 210 miles away from Perkins
and 35 miles toward Mead. The proposed interconnection point of the Hualapai Valley
Solar Project is in the near vicinity: a distance of 193 miles away from Perkins and 50
miles toward Mead.

The scope of the analysis is to identify the transmission system impacts caused solely
by the addition of the Hualapai Valley Solar Project, and to identify the system
reinforcements, if any, necessary to mitigate the adverse impact of the Project under
different system operating conditions. The majority of the work was based the projected
transmission configuration which included the combined EOR 9300 and DPV2 projects
for the EOR path rating of 10,500MW as originally planned for the 2013 time frame.

At the request of the MPP review members, a sensitivity study of the EOR path rating of
9,300 MW without DPV2 was performed to evaluate the impact due to the change of
system configuration announced recently by Southern California Edison Company.

Ill. PROJECT AND INTERCONNECTION INFORMATION

Table 1 provides general project and interconnection information about the Hualapai
Valley Solar Project.
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Project Location Mohave County, Arizona
Number and Type of Generators 377 MVA Steam Turbine (one)
Maximum Generator Output 340 MW
Generator Auxilia Load 80MW 0.90 P.F. lagging
Maximum Net Output to MPP's
System

260 MW

Power Factor +/- 0.90
Step-up Transformer 415 MVA, 21/500 kV Delta/Wye transformer,

Z=12.5% on a 330 MVA base

Interconnection Configuration
Project will interconnect via a 5-mile 500kV line and
would connect via a new breaker-and-a-half
substation to MPP's Perkins-Mead 500 kV line.

Interconnection Voltage 500 kV
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Table 1: Hualapai Valley Solar Project-Technical Parameters

Figure 1 depicts the Hualapai Valley Solar Project interconnection point and the existing
transmission system at the interconnection vicinity.

Figure 1: Hualapai Valley Solar Project interconnection point
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Figure 2 shows one line diagram.of the Project at the proposed interconnection point
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IV. STUDY BASE CASE DESCRIPTION AND AssuMpTlons

The SIS was conducted using the original Western Arizona Transmission Study (WATS)
Group already approved 2011 heavy autumn base case. Several base cases had been
expanded based on this original base case for a higher queue preceding project. For
benchmarking purpose, these 2011 heavy autumn base cases were further modified
and updated to become 2013 heavy autumn base cases. All approved transmission
projects that will be operational by autumn of 2013 were modeled. The 2013 heavy
autumn pre-project base case with Path 49 flow at 10,500 MW have the following
projects modeled:

EOR9300 Project (sponsored by SRP)
Palo Verde-Devers No. 2 Project (Sponsored by SCE)

The Pre-Project base cases were developed according to the following scenario:

Model with the higher queue project(s): The proposed generation project in the MPP
participants control area that has an interconnection queue date ahead of the Hualapai
Valley Solar Project was modeled and included in this analysis.
The following major assumptions were made in developing the Pre-Project base cases.

• Perkins phase shifting transformers was modeled out of service.
• Path 49 flows were modeled at 10,500 MW.

Mohave power plant was not dispatched.
• The higher queue preceding project generation was dispatched according to their

Network Resource or Energy Resource designation.

•

The Pre-Project base cases were tested to ensure that all transmission facilities in MPP
participants control areas are within their normal operating limits. While it is impossible
to study all combinations of system load and generation levels during all seasons, these
Pre-Project base cases represent extreme loading and generation conditions for the
MPP participants control areas. However, MPP participants cannot guarantee that the
Hualapai Valley Solar Project can operate at maximum rated output year round without
impacting the transmission system during times and seasons not studied.

Post-Project base cases were developed from the Pre-Project cases. The Post-Project
base cases were modeled the proposed Hualapai Valley Solar Project as depicted in
Figure 3. The Hualapai Valley Solar Project was modeled as one solar collector system
comprised of 340 MW gross, 260 MW net output steam generating unit for the power
flow and stability analysis. The series capacitor bank at the Mead end of the Mead-
Perkins 500 kV line was modeled to be relocated to the Project's interconnection point
toward Perkins.

Five scheduling scenarios were developed. The 260 MW output of the proposed project
was scheduled according to the following five scheduling scenarios depicted in Table 2.
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Scheduling
Scenarios

Higher Queue
Preceding Project
Net Output (MW)

Pre-Project

Hualapai Valley
Solar Project Net

Output (MW)
Post-Project

Power
Scheduled to

CAISO
(MW)

Power
Scheduled to

Arizona
(MW)

Displaced Generation

260 0 760
Merchant generators at

Palo Verde hub

Case B 500 260 760 0
Peaking Units in CAISO

control area

Case C 500 260 380 380
Merchant generators at

Palo Verde hub and
Peaking Units in CAISO

control area

Case D 0 260 0 260 Merchant generators at
Palo Verde hub

Case E 0 260 260 0
Peaking Units in CAISO

control area

Case A 500

Monltanad* Path 49 Flwrvv
Flow Metering @

Perkins

Flow Metered @

Meavtl
Comments

Both Ends of the Perkins-

Mead 500 kV line

10500 MW 1923 MW 1847 MW Difference in flow between the two

metering locations is attributed to

losses on the line segment between

the two locations

Hualapai Vallev Solar Project Generator Interconnection Studv Report

Table 2: Generation Scheduling Scenarios

STUDY METHODOLOGY AND EVALUATION CRITERIA

1. System Impact Study Cases

Power flow, transient stability, post-transient and short circuit analyses were performed
on both the pre-project and the post-project base cases to determine the impact of the
Hualapai Valley Solar Project on the interconnected transmission system.

• Pre-Proiect Base Case (2013 Heat Autumn Case Pre-Project_2013hac00.sav)

The existing WATS power flow case identified below has reviewed and further updated
to measure the Pre-project performance.

This benchmark case was developed to study the impact of the interconnection of
Hualapai Solar Project. This pre case has no High Queue Generation Project (500 MW)
and no Hualapai Valley Solar Generation Project (260 MW) project. In the pre case,
today's transmission configuration for max EOR equal to 10,500 MW and Perkins-Mead
flow equal to 1923 MW was maintained, and ensured no system reliability problem. The
significant information is shown below:

v.
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Monitored Path 49Fksw
Flow Metered @

Perkins

Flow Metered @

Mead
Comments

Both Ends of the Perkins-

Mead 500 kV line

9806 MW 1516 MW 2217 MW Difference in flow between

the two metering locations

is attributed to two project

generation injections

Monitored Path 49Flow
Flow Metering @

Perkins

Flow Metered @

Mead
Comments

Both Ends of the Perkins-

Mead 500 kV line

10500 MW 1640 MW 2333 MW Difference in flow between

the two metering locations

is attributed to two project

generation injections

Hualapai Vallev Solar Project Generator Interconnection Studv Report

The Pre-Project base case was tested to ensure compliance with WECC/North
American Electric Reliability Corporation (NERC) and other affected company planning
standards.

Post-Proiect Base Cases

As described in Table 2 of the previous section, the following post-project base cases
were developed for SIS evaluation consideration:

i. Post Case A (760MW to AZ): Post Case A.sav
ii. Post Case B (760MW to CA): Post Case B.sav
iii. Post Case C (380MW Ea. to AZ & CA): Post Case C.sav
iv. Post Case D (260MW to AZ): Post Case D.sav
v. Post Case E (260MW to CA): Post Case E.sav

i. Post Case A (Scenario A: 760 MW to AZ):
This post case was modeled with both High Queue Project (500 MW) and Hualapai
Valley Solar Project (260 MW) and connected on-line. The total power of 760 MW was
scheduled to Arizona and the generation was displaced with merchant generation at
Palo Verde Hub in Arizona. The significant information is shown below:

ii. Post Case B (Scenario B: 760 MW to CA):

This post case was modeled with both High Queue Project (500 MW) and Hualapai
Valley Solar Project (260 MW) and connected on-line. The total power of 760 MW was
scheduled to CAISO and the generation was displaced with generation units in
California. The significant information is shown below:

7



Monitored P86149 Flow
FloW Metering @

Perkins

Flow Metered @

Mead
Comments

Both Ends of the Perkins-

Mead 500 kV line

10166 MW 1605 MW 2300 MW Difference in flow between

the two metering locations

is attributed to two project

generation injections

Monitored pam 49 Flow * Metering @

P¢i1<iN$

Flow Metered @

Mead
Comments

Both Ends of the Perkins-

Mead 500 kV line

10306 MW 1836 MW 2024 MW Difference in flow between

the two metering locations

is attributed to Hualapai

project generation injection

Hualapai Valley Solar Project Generator Interconnection Studv Report

iii. Post Project Case C (Scenario C: 380 MW to AZ and 380 MW to CA)

This post case was modeled with both High Queue Project (500 MW) and Hualapai
Valley Solar Project (260 MW) and connected on-line. The total power of 760 MW was
split equally between Arizona and California. Generation of 380 MW each was
scheduled to Arizona and California and generation was displaced with generation units
in Arizona and California. The significant information is shown below:

iv. Post Case D (Scenario D: 260 MW to AZ)

This post case was modeled with Hualapai Solar Project (260 MW) and connected on-
line. The generation net output of 260 MW was scheduled to Arizona and the generation
was displaced with merchant generation at Palo Verde Hub in Arizona. The significant
information is shown below:

v. Project Case E (Scenario E: 260MW to CA)

This post case was modeled with Hualapai Solar Project (260 MW) and connected on-
line. The generation net output of 260 MW was scheduled to California and the
generation was displaced with generation units in California. The significant information
is shown below:

8



Monitored Path 4g FlOW
Flow Metering @

Perkins

Flow Metered @

Mead
Comments

Both Ends of the Perkins-

Mead 500 kV line

10500 MW 1893MW 2077 MW Difference in flow between

the two metering locations

is attributed to Huaiapai

project generation injection

Base Case
Scenario

?RLE-C00

B€8'L€hI!C!8Kk

Post-A

760 MW To
AZ

Post»B
780 MW To

CA

Post-C

380 MW Ea.
To AZ& CA

Post-D

260 MW To
AZ

Post»E
260 MW To

CA

EOR 10500 MW 9806 MW 19500 MW l0166 MW 10306 MW 10500 MW

PERKINS-MEAD @
PERK1NS

1923 MW 1516 MW 1640 MW 1605 MW l836 MW I893MW

PERKINS-MEAD @
MEAD

1847 MW 22l7 MW 2333 MW 2300 MW 2024 MW 2077 MW

Hualapai VaI1ev Solar Project Generator Interconnection Study Report

2. Selecting Appropriate Post-Project Base Cases for System Impact Study

The following is a power flow summary of the Pre-Project and five Post-Project cases
which were represented with different dispatch scenarios.

It should be pointed out that the SIS study was focused on the Post-project Case B and
Case E. These are the worst case scenarios in evaluating whether the reliability
performance impact on the EOR rating of 10,500MW can be preserved. It is not
necessary to maintain the Perkins-Mead line flow to be 1,923 MW due to the new
generation injection into the line.

The clarification of this issue is important in consideration of the interconnection of new
generation projects such as "High Queue" and/or "Hualapai Valley Solar", the EOR path
rating of 10,500 MW should not be impacted irrespective to dispatching conditions of
the proposed generation projects whether the power scheduled to CA and/or to AZ. This
is the fundamental principle for preserving the existing path rating. Therefore, it will not
be necessary to evaluate the Cases A, C and D which showed EOR flow was less than
10,500 MW. These base cases are strictly for information purposes only.

Specific studies to be conducted and their evaluation criteria are outlined below:

A. Power Flow Analysis

Power flow analysis was performed on both the pre-project and post-project base cases
for the 2013 heavy autumn operating conditions. The two Post-Project base cases
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(Cases B 8 E) were used to examine the impact of the Project during normal operating
conditions (N-0), as well as single (N-1), and selected multiple contingencies. The N-1
and selected multiple contingencies simulated include:

• All single (230-500 kg) transmission circuit outages within the vicinity of the
project.
All single transformer outages within the vicinity of the project.
Selected outages of double circuit tower lines (230-500 kg) within the vicinity of
the project.

The WECC/NERC planning standards were used to assess the adequacy of the study
results. The power flow analysis related evaluation criteria that were used in the study
are summarized below:

Evaluation Criteria:

• Under normal conditions, bus voltages must be maintained between 0.95 P.U.
and 1.05 P.U. unless previously defined minimum voltage or vat scheduling
requirements exist. All transmission line and transformer loadings should be
within normal continuous ratings.

• Under emergency or contingency conditions, the following limits or constraints
were applied.

a. No transmission element should be loaded above its emergency rating as
defined by the operating entity or the base case used in the analysis.
Ratings for most major Southwest facilities are provided in Appendix A.

b. Equipment emergency voltage limits should not be exceeded.

c. Bus voltage deviations determined thru the analyses should not exceed
planning limits. A representative list for the Southwest is provided in
Appendices B and c.

d. Maximum voltage deviation allowed at all buses under contingency
conditions must be 5% and 10% for N-1 and N-2 contingencies
respectively, SCE will allow up to 7% under certain n-1 contingencies.

e. No load shedding should be allowed for single contingencies unless
previously defined (e.g. consequential load loss, supplemental load loss,
load reduction, consequential generation loss, remedial action scheme,
etc.).

The following selected contingency outages were simulated (but not limited to):

N-1 :
» Perkins-Mead 500 kV Line (Pre-Project)
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Perkins-Hualapai Valley interconnection Point 500 kV Line (Post-Project)
Hualapai Valley Interconnection Point-Mead 500 kV Line (Post-Project)
Higher Queue Interconnection Point-Mead 500kV Line (Post-Project)
Navajo-Crystal 500 kV Line
Moenkopi-Eldorado 500 kV Line
Hassayampa-north Gila 500 kV Line
Palo Verde-Devers 500 kV Line
Harquahala -Devers 500 kV Line
Mead-Marketplace 500 kV line
Crystal-McCullough 500 kV Line
Marketplace-Adelanto 500 kV Line
Marketplace-McCullough 500 kV Line
McCullough-Eldorado 500 kV Line
McCullough-Victorville #1 500 kV Line
McCullough-Crystal 500 kV Line
Eldorado-Lugo 500 kV Line
Mohave-Lugo 500 kV Line
Victorville-Lugo 500 kV Line

N-2:

•

•

Palo Verde-Devers 8= Harquahala-Devers 500 kV Lines
Palo Verde-Westvving #1 & #2 500 kV Lines

B. Post Transient Analysis

Post-transient analysis was performed for all contingencies considered at risk based on
power flow analysis.

Study assumptions:

1. All loads were modeled as constant MVA during the first few minutes following an
outage or disturbance.

2. All voltages at distribution substations were restored to normal values by
transformer tap changers (LTC) and other voltage control devices.

3. Generator MVAR limits were modeled as a single value for each respective limit
(i.e. QMAX and QMIN) for each generator.

4. No manual operator intervention is allowed to increase the generator Mvar flow.

5. Remedial Action Schemes or Special Protection Systems such as generator
dropping, load shedding or blocking of automatic generator control (Acc) were
not considered for single contingencies.

11



B N-1 5%*
C N-2 10%

D N-3 Cascading Not Permitted
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6. Solution assumptions were included for this analysis:

a. Area interchange: Disabled for reactive margin analysis, enabled for
voltage deviation .
Governor blocking: Base load flag will be used per WECC practice.
DC Converter transformer tap adjustment: Enabled.
Generator voltage remote control: Enabled for selected units plus Palo
Verde #1-#3.
Phase shifter control: Disabled

b.
c.
d.

7. Switched shunt devices: Enabled for voltage deviation and disabled for reactive
margin.

8. Single-contingency disturbances to be used in the post-transient stability studies
were the same as those studied in the Power Flow section (section A).

9. Credible double-contingency disturbances listed in the power flow analysis
section were used in the post-transient stability studies.

10.Power flow margins were added to the project path rating, a 5 % for N-1
contingency test and a 2.5% for the N-2 contingency test.

The post-transient analysis was conducted and evaluated based on the assumptions
that the maximum voltage deviations allowed under contingency conditions in the post-
transient time frame are 5% for N-1, and 10% for N-2 as shown in Table 3, unless a
lower standard has been previously adopted on selected buses.

Table 3: Post-Transient Voltage Criteria Limits

WECC Reliability Criteria for the Post-Transient Voltage Deviations

* SCE buses allowed deviating 7%

All outages were simulated using governor power flow tools. Remedial actions for each
outage were modeled according to the latest WECC Operating Studies Subcommittee
(OSS) Handbook.

c. Transient Stability Analysis

Transient stability studies were conducted on both the pre-project and post-project base
cases for the 2013 heavy autumn operating conditions. Transient stability runs were
simulated for 10 seconds to ensure the system is stable and positively damped.

e.
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Selected critical contingency will be simulated. Provided below are the outages:

N - t :

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Perkins-Mead 500 kV Line (Pre-Project)
Perkins-Hualapai Valley Interconnection Point 500 kV Line (Post-Project)
High Queue Interconnection Point-Mead 500 kV Line (Post-Project)
Hassayampa-North Gila 500 kV Line
Palo Verde-Devers 500 kV Line
Harquahala-Devers 500 kV Line
Hassayampa-North Gila 500 kV Line
Navajo-Crystal 500 kV Line
Moen kopi-Eldorado 500 kV Line
Mead-Marketplace 500 kV Line
Marketplace-Adelanto 500 kV Line
Crystal-McCullough 500 kV Line
McCullough-Victorville #1 500 kV Line
Eldorado-Lugo 500 kV Line
Mohave-Lugo 500 kV Line
Victorville-Lugo 500 kV Line

N-2:

•

•

•

•

•

•

Palo Verde-Westvving 500 kV #t and 2 Lines
Palo Verde-Devers and Harquahala-Devers 500 kV Lines
McCullough-Victowille 500 kV #1 and 2 Lines
IPPDC Bi-Pole
Crystal-McCullough and Harry Allen-Mead 500 kV Lines
Palo Verde Generating units 1 and 2

The following WECC transient voltage dip and transient frequency criteria were used to
evaluate the impact of the project. A summary of the transient stability analysis
evaluation criteria is provided in Table 4 and depicted graphically in Figure 4.

• WECC transient voltage dip criteria: The transient voltage dip must not exceed
25% at load buses or 30% at non-load buses for N-1 contingency. For N-2
contingency, the transient voltage dip must not exceed 30% at any bus. The
maximum duration of a transient voltage dip larger than 20% at load buses must
not exceed 20 cycles for N-1 contingency or 40 cycles for n-2 contingency.
WECC transient frequency criteria: The transient frequency for N-1 contingency
must not be below 59.6 Hz for 6 cycles or more at load bus. For n-2
contingencies, the transient frequency must not be below 59.0 Hz for 6 cycles or
more at load bus.

13



NERC and WECC
Categories

Outage Frequency
Associated with the
Performance
Category
(outage/year)

Transient Voltage Dip
Standard

Minimum Transient
Frequency Standard

Post -Transient
Voltage Deviation
Standard

A
System normal

Not Applicable Nothing in addition to NERC

B
One element
out~of-service

2 0.33 Not to exceed 25% at
load buses or 30% at
non-load buses.
Not to exceed 20%
for more than 20
cycles at load buses.

Not below 59.6Hz for
6 cycles or more at a
load bus.

Not to exceed 5% at
any bus.

C
Two or more
elements
out-of~service

0.033-0.33 Not to exceed 30% at
any bus.
Not to exceed 20%
for more than 40
cycles at load buses.

Not below 59.0Hz for
6 cycles or more at a
load bus.

Not to exceed 10% at
any bus.

D
Extreme multiple-
element outages

< 0.033 Nothing in addition to NERC

VI

Hualapai Valley Solar Project Generator Interconnection Studv Report

Table 4: Stability and Post-transient Analysis Evaluation Criteria

Figure 4: Graphical Representation of Stability Analysis Evaluation Criteria
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Base Case
Scenario

PRE-C00

Benchmark

Post-B
780 MW To

CA

Post-E
260 MW To

CA
EOR 10500 MW 10500 MW 10500 MW

PERKINS-MEAD
@ PERKINS

1923 MW 1640 MW l893MW

PERKINS-MEAD
@ MEAD

1847 MW 2333MW 2077MW
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D. Short Circuit Analysis

Short circuit studies were performed to evaluate the impact of the addition of the
Hualapai Solar Project on selected MPP participant's substation breaker duties. The
studies were conducted in accordance with MPP requirements.

For this interconnection study, PDS used the current short circuit data with updated
system equivalent data and incorporated the Hualapai Valley Solar Project for the
assessment of the post-Project system scenarios. For the pre-Project case, PDS used
the current data base for the 2013 time frame and included system upgrades as
required.

E. Perkins-Mead 500 kV Line Metering

It is important to have multiple metering points when having proposed generation
project(s) interconnected with the existing line. This information is significant and
important for any generation interconnection in particular with respect to each of the
interconnection point.

Because both of the "High Queue" and Hualapai Valley Solar Projects are to be located
closer to the Mead Substation, the injected generation tended to flow significantly more
to Mead than to Perkins, regardless of the power dispatch schedules from both projects.
Nevertheless, the power flows from Perkins to any proposed generation interconnection
points tended to decrease because of the power flow displacement as attributed by the
impedance path.

For this generation impact study, the attention was focused on the actual flows metering
at both ends of the Perkins-Mead 500kV line, but not the intermediate interconnection
points because a full output schedule from each project has been known, and the lines
losses are not the concern of this impact study. These two metering points, Perkins and
Mead 500kV buses are appropriate and adequate for the security control for Arizona
EHV system operator and/or CAISO. The table below depicts this specific information:
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VI. STUDY RESULTS

A. Power Flow Analysis Results

The key finding from the power flow analysis is that the proposed generation project
interconnection can achieve a reliable system performance in the Mead-Phoenix 500 kV
line and non-simultaneous rating of Path 49 while meeting the thermal and voltage limits
of the transmission system. The results show no negative impact to the interconnected
transmission system.

The "Power Flow Diagrams of Base Cases and Contingency Cases" are provided in
Appendix A. The "Power Flow Analysis Summary," which lists the highest transmission
emergency loadings for critical contingency conditions, is provided in PF-Tables 1 812 in
the attachments of the report. The following subsections provide highlights of the
analysis.

No Impact on Perkins-Mead 500 kV Line

The base case power flows measuring at the Perkins end were ranged from 1,640 MW
(with a 760 MW injection) to 1,893 MW (with a 260 MW injection) depending upon the
magnitudes of generation injection from the interconnection point(s). The flows were
much higher: 2,333 MW for a 760 MW injection, and 2,077 MW for a 260 MW injection
when measuring at the other end at Mead. This should be considered to be acceptable
from the base case power flow perspective.
From the system reliability viewpoint, the thermal loadings and bus voltages were within
the criteria limits under base case and critical single contingency outage conditions.

No Impact on Path 49 EOR Ratinq

Path 49 rating is not impacted by the looping of the Perkins - Mead 500 kV line through
the proposed Hualapai Valley 500 kV Substation. As depicted from Tables PF-Tables 1
& 2, the looping of the Perkins - Mead 500 kV line through the proposed Hualapai 500
kV Substation did not cause the flow to increase on the limiting facility, the Moenkopi-El
Dorado 500 kV line, following the outage of Navajo - Crystal 500 kV line. The
emergency loadings on the Moenkopi - El Dorado 500 kV line were held constant at
96% of the its short-term rating irrespective of having a 760 MW or a 260 MW
generation injection into the Perkins-Mead 500 kV line with Path 49 rating of 10,500 MW
following the outage of Navajo - Crystal 500 kV line.
The following subsections provide highlights of the analysis:

1. No transmission element was loaded above 100% of its continuous rating
under base case conditions in the Pre-and-Post-Project cases. The highest
loadings are shown in the table below:
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Limiting Element

Moenkopi-Eldorado Series Cap

Emergency Loading (%)
Pre-Project Post-Project B

96.0 96.0 NV-CR

Emergency Loading (%)
Pre-Project Post-Project E Outage

96.0 96.0 NV-CR

Outage

Limiting Element

Moenkopi-Eldorado Series Cap

2. The Liberty 230kV phase shifter was loaded slightly above or at 100% of its
emergency for an outage of the Queue1-Mead 500kV line segment in the
Post-Project cases B and E, respectively. The highest loadings are shown in
the table below:

Limiting Element

Liberty 230kV Phase Shifter

Emergency Loading (%)
Limiting Element

Emergency Loading (%)
Pre-Project Post-Project B Outage

97.0 102.9 Q1-MD

Liberty 230kV Phase Shifter

Pre-Project

97.0

Post-Project E Outage

100.0 Q1-MD

By-Passed LBTY PST
Limiting Element

This overload problem in the Post-Project Case E can be resolved with the
following mitigation alternatives:

Alternative 1: By-passing the Liberty 230kV phase shifty would eliminate
the Liberty 230kV phase shifter overload problem. No other overloads were
detected. The highest loadings were 90% on the Moenkopi-Eldorado
500kV line and 84.5% on the Liberty-Peacock 345 kV line, respectively.

Emergency Loading (%)
LBT PST I/S LBT PST B/P

Moenkopi-Eldorado Series Cap 90.0

Liberty-Peacock 345kV Line 84.5

88.7

90.5

Outage

Q1 ~MD

Q1 -MD

Alternative 2: Reducing a total of 360 MW of new project generation, the
Hualapai Valley Solar Project generation 260 MW and High Queue
generation 100 MW would overcome the Liberty 230kV phase shifter to its
100% of its emergency rating.

Reduced Project Generation
Limiting Element

Emergency Loading (%)
No Reduction W/ Reduction

Liberty 230kv Phase Shifter 103.0 100.0

Outage

Q1 -MD

17
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No Impact on Existing transmission System

The addition of the Hualapai Valley Solar Project did not trigger any new transmission
facility to overload under normal operating conditions or following the outages
simulated. The voltage profile of the existing transmission system was not impacted
during normal and under contingency conditions.
The following subsections provide highlights of the analysis:

For the double line outage of the Palo Verde-Westvving 500 kV No. 1 and 2
lines in the pre-project case, the highest loadings are shown in the table
below: shown in the table below.

Emergency Loading (%)

Limiting Element
Hat WALC-Hassyamp

Pre-Project
111.0

Post-Project B
107 .0

Outage
PV-WW1 &2

Emergency Loading (%)

Limiting Element
Hat WALC-Hassyamp

Pre-Proj act
111.0

Post-Project E
111.0

Outage
PV-WW1 &2

The "pre-existing" overload violation of the 5.93 mile 230 kV line would be
resolved between Western and CAWCD with respect to CAWCD's
requested 230 kV tie open between its Hassayampa Pumping Plant and
APS' planned TS5 500/230 kV station. No other overloads were detected
after a transfer trip of this local 230 kV tie.

For the double line outage of the Palo Verde-Devers and Harquahala-Devers
500kV lines in the pre-project and post-project cases, the highest loadings are
shown in the table below:

Emergency Loading (%)

Limiting Element
Hat WALC-Hassyamp

Pre-Project
106.0

Post-Project B
108.0

Outage
DPV1&2

Perkins-Mead

Westwing-Perkins

108.0

106.0

102.0

100.0

DPV1&2

Dpvl&2

Limiting Element
Hat WALC-Hassyamp

Pre-Project
106 .0

Emergency Loading (%)

Post-Project E
106 .0

Outage
DPV1 &2

Perkins-Mead

Westwing-Perkins

108.0

106.0

107.0

106.0

DPV1&2

DPV1&2

2.

1.
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For the double line outage of the Palo Verde-Devers and Harquahala-Devers
500 kV lines in the pre-project case, loadings of 106.0% of the emergency
rating of the Hassayampa-HatWALC 230 kV line, 108.0% of the emergency
rating of the series capacitor of the Mead-Perkins 500 kV line and 106.0% of
the emergency rating of the Perkins-Westwing 500 kV line occurred. All of
these overloads were identified as a pre-existing condition based on results of
the "DPV2 Accepted Path 49 Rating Study Report."Overload of the
Hassayampa-HatWALC 230 kV line would be resolved for an acceptable
mitigation between affected parties as described in the previous section.

Implementing an SPS, which sheds an appropriate amount of load in SCE's
system, would mitigate the thermal overloads on the Westvving-Perkins and
Perkins-Hualapai 500kV lines caused by the double line outage of the Palo
Verde-Devers and Harquahala-Devers 500 kV lines.

B. Post-Transient Analysis

The key finding from the post-transient analysis is that the proposed generation project
interconnection can achieve a reliable system performance in the Mead-phoenix 500 kV
line and non-simultaneous rating of Path 49, while meeting the post-transient voltage
criteria limits of the transmission system. The results show no negative impact to the
interconnected transmission system.

The "Post-Transient Power Flow Diagrams of Base Cases and Contingency Cases" are
provided in Appendix B. Post-transient analysis was performed on selected critical
outages (outage list is the same as power flow contingency list). The "Post-transient
Analysis Summary," which lists the voltage performance levels for critical contingency
conditions, is provided in PT-Tables 1 & 2 in the attachments of the report. The
following provides highlights of the analysis.

• The transmission system post-transient voltage deviations were within the 5%
criteria limit for any N-1 contingencies with the interconnection of the proposed
generation project(s) into the Perkins - Mead 500 kV line.

• The transmission system post-transient voltage deviations were within the 10%
criteria limit for any N-2 contingencies with the interconnection of the proposed
generation project(s) into the Perkins - Mead 500 kV line.

C. Transient Stability Analysis

The key finding from the transient stability analysis is that the proposed generation
project interconnection can achieve a reliable system performance in the Mead-Phoenix
500 kV line and non-simultaneous rating of Path 49 while meeting the voltage dip,
damping and frequency deviation limits of the transmission system. The results show
no negative impact to the interconnected transmission system.
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The "Transient Stability Plots" are provided in Appendix C. Transient stability analysis
was performed on selected critical outages (outage list is the same as post-transient
contingency list). The "Transient Stability Analysis Summary," which lists the dynamic
stability performance levels for critical contingency conditions, is provided in TS-Tables
1 & 2 in the attachments of the report. The following provides highlights of the analysis.

• Stable and adequately damped transient stability performances were achieved
following all the outages simulated.

• No violation of WECC transient voltage dip criteria was found following all the
outages simulated.

D. Short Circuit Analysis

A short circuit study and breaker capability analysis has been performed to
determine the incremental impact of the generation addition proposed with the
Hualapai Valley Solar Project.

Studv Data

To perform the short circuit study, the Hualapai Valley Solar Project (HVSP)
generation addition was modeled in the MPP short circuit case using the ASPEN
One-Liner software.

The following data was used to prepare the short circuit case:

500 kV Line impedances (HUALPOI is the Point of Interconnection with MPP)
MPPQ1 HUALPOI Z1=0.00010 + j0.00310 p.u.

Z0=0.00030 + j0.00930 p.u.

HUALPOI - PERKINS Z1=0.00180 + j0.03970 p.u.
Z0=0.00540 + j0.11910 p.u.

Series Capacitors at each end

HUALPOI HSPSITE

Z1 =0.00000 j0.01750 p.u.

ZN =0.00010 + j0.0024 p.u.
Z0=0.00030 + j0.0072 p.u.

Generator Step-up Transformers (one)
525/21 .kV (Y-Grounded/Delta)
X1 = 4.5% on 100.0 MVA base
X0 = 4.5% on 100.0 MVA base

Generator (one)
Machine Base = 377 MVA (21 .0K\/)
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11.37230 LIBTYPS2462 LIBWPS 19 42,664 10.55 42,716 11.352 27,53927,519 10.543 51.8 20.0

18525 SOC 24.83224.66 28.07;98020 SOC 29,336 29,387 23,59623,537 50.8 58.828.18i

I-Iualapai Vallev Solar Project Generator Interconnection Study Report

S t e a m  T u r b i n e  G e n e r a t o r  =  X d "  =  0 . 1 6 0  p . u .

T h e  f o l l o w i n g  t a b l e ,  T a b l e  6 ,  i s  i n c l u d e s  a  s m a l l  c r o s s - s e c t i o n  o f  t h e  b u s e s  f a u l t e d
f o r  t h i s  a n a l y s i s ,  s o r t e d  b y  t h r e e - p h a s e  i n c r e m e n t a l  ( p o s t - p r o j e c t  c o m p a r e d  t o  t h e
p r e - p r o j e c t  b a s e  c a s e ) .

T a b l e  6 :  S h o r t  C i r c u i t  R e s u l t s ,  S o r t e d  b y  I n c r e m e n t a l  T h r e e - p h a s e  V a l u e

;
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VII. SENSITIVITY STUDY RESULTS

With the SCE announcement regarding the Palo Verde-Devers#2 line, a sensitivity
study was requested to adjust the EOR flow on the Post-Project Case B at 9,300MW
accordingly and verify the impacts related to the HVSP without DPV2.

The analysis is based on the key assumption that the Path 49 power flow would be
assessed at its maximum rating of 9,300 MW assuming the Harquahala-Devers 500 kV
line will not be in service. The original DPV2 line has a planned rating of 1,200 MW.

A. Power Flow Analysis Results

The key finding from the power flow analysis is that the proposed generation project
interconnection can achieve a reliable system performance in the Mead-Phoenix 500 kV
line and non-simultaneous rating of Path 49 at 9,300 MW while meeting the thermal and
voltage limits of the transmission system. The results show no negative impact to the
interconnected transmission system.

The "Power Flow Diagrams of Base Cases and Contingency Cases" are provided in
Appendix D-1. The "Power Flow Analysis Summary," which l ists the highest
transmission emergency loadings for critical contingency conditions, is provided in PF-
Table 3 in the attachments of the report. The following provide highlights of the analysis.

No Impact on Perkins-Mead 500 kV Line

The base case power flow measuring at the Perkins end was 1,692 MW (with a 760
MW injection). The flow was much higher at 2,381 MW when measuring at the other
end at Mead. This should be considered to be acceptable from the base case power
flow perspective.
From the system reliability viewpoint, the thermal loadings and bus voltages were within
the criteria limits under base case and critical single contingency outage conditions.

No Impact on Path 49 EOR Rating

Path 49 rating is not impacted by the looping of the Perkins - Mead 500 kV line through
the proposed Hualapai Valley 500 kV Substation. As depicted from Tables PF-Table 3,
the sensitivity of the EOR 9300 MW path rating without DPV2 line caused the flow to
increase on the limiting facility, the Moenkopi-El Dorado 500 kV line, following the
outage of Navajo - Crystal 500 kV line. The emergency loadings on the Moenkopi - El
Dorado 500 kV line was increased from 96% to 99.2% of the its short-term rating with a
760 MW generation injection into the Perkins-Mead 500 kV line with Path 49 rating of
9,300 MW following the outage of Navajo - Crystal 500 kV line.
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The following subsections provide highlights of the analysis:

1. The loading on the Moen kopi-Eldorado 500kV line series capacitors was
to 99.2% of the emergency rating which was acceptable.

increased

Limiting Element

Moenkopi-Eldorado Series Cap

Emergency Loading (%)

Post-ProjectB Post-ProjectBS Outage

96.0 99.2 NV-CR

2. The Liberty 230kV phase shifter was loaded more above or at 100% of its emergency
for an outage of the Queue1-Mead 500kV line segment in the sensitivity case. The
highest loadings are shown in the table below:

Emergency Loading (%)
Limiting Element Post-ProjectB Post-ProjectBS Outage

Liberty 230kV Phase Shifter 102.9.0 105.0 Q1-MD

This overload problem can be resolved with the fo l lowing mit igat ion
alternatives:

Alternative 1: By-passing the Liberty 230kV phase shifty would eliminate
the Liberty 230kV phase shifter overload problem. No other overloads were
detected. The highest loadings were 93.6% on the Moenkopi-Eldorado
500kV line and 87.7% on the Liberty-Peacock 345 kV line, respectively.

By-Passed LBTY PST Emergency Loading (%)
Limiting Element LBT PST I/S LBT PST B/P

Moenkopi-Eldorado Series Cap 87.4 93.6

Liberty-Peacock 345kV Line 93.4 87.7

Outage

Q1 -MD

Q1~MD

Alternative 2: Reducing a total of 610 MW of new project generation, the
Hualapai Val ley Solar Project  generat ion 260 MW  and High Queue
generation 350 MW would overcome the Liberty 230kV phase shifter to its
100% of its emergency rating.

Emergency Loading (%)
No Reduction W/ Reduction

Reduced Proj et Generation
Limiting Element

Liberty 230kV Phase Shifter 105.0 100.0

Outage

Q1 -MD
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No Impact on Existing transmission System

The local Hat WALC-Hassyamp 230kV line was loaded more above 100% of its
emergency for an outage of the two Palo Verde-Westwing 500kV lines in the sensitivity
case. The voltage profile of the existing transmission system was not impacted during
normal and under contingency conditions.

The following subsections provide highlights of the analysis:

1. For the double line outage of the Palo Verde-Westwing 500 kV No. 1 and 2 lines in
the post-project case and the sensitivity case, the highest loadings are shown in the
table below: shown in the table below.

Emergency Loading (%)

Limiting Element Outage
Hat WALC-Hassyamp PV-WW1&2

The "pre-existing" overload violation of the 5.93 mile 230 kV line would be
resolved between Western and CAWCD with respect to CAWCD's
requested 230 kV tie open between its Hassayampa Pumping Plant and
Aps' planned TS5 500/230 kV station. No other overloads were detected
after a transfer trip of this local 230 kV tie.

Post-ProjectB Post-ProjectBS
107.0 110.8

B. Post-Transient Analysis

The key finding from the post-transient analysis is that the proposed generation project
interconnection can achieve a reliable system performance in the Mead-Phoenix 500 kV
line and non-simultaneous rating of Path 49, while meeting the post-transient voltage
criteria limits of the transmission system. The results show no negative impact to the
interconnected transmission system.

The "Post-Transient Power Flow Diagrams of Base Cases and Contingency Cases" are
provided in Appendix B. Post-transient analysis was performed on selected critical
outages (outage list is the same as power flow contingency list). The "Post-transient
Analysis Summary," which lists the voltage performance levels for critical contingency
conditions, is provided in PT-Table 3 in the attachment of the report. The following
provides highlights of the analysis.

• The transmission system post-transient voltage deviations were within the 5%
criteria limit for any N-1 contingencies with the interconnection of the proposed
generation project(s) into the Perkins - Mead 500 kV line.

• The transmission system post-transient voltage deviations were within the 10%
criteria limit for any N-2 contingencies with the interconnection of the proposed
generation project(s) into the Perkins - Mead 500 kV line.
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C. Transient stability Analysis

The key finding from the transient stability analysis is that the proposed generation
project interconnection can achieve a reliable system performance in the Mead-Phoenix
500 kV line and non-simultaneous rating of Path 49 while meeting the voltage dip,
damping and frequency deviation limits of the transmission system. The results show
no negative impact to the interconnected transmission system.

The "Transient Stability Plots" are provided in Appendix C. Transient stability analysis
was performed on selected critical outages (outage list is the same as post-transient
contingency list). The "Transient Stability Analysis Summary," which lists the dynamic
stability performance levels for critical contingency conditions, is provided in TS-Table 3
in the attachment of the report. The following provides highlights of the analysis.

• Stable and adequately damped transient stability performances were achieved
following all the outages simulated.

• No violation of WECC transient voltage dip criteria was found following all the
outages simulated.
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